The incidence of fatal coronary heart disease (CHD) was determined in a population of Pima Indians from the Gila River Indian Community in Arizona. Between 1975 and 1984, 394 deaths occurred among 4,828 subjects aged 5 years or older, and 199 of these occurred in the 1,093 persons with non-insulin-dependent diabetes. Only 28 deaths were attributed to CHD; all occurred among the 689 diabetic persons 45 years of age or older. No CHD deaths occurred among the 419 nondiabetic subjects 45 years of age or older. The rate of fatal CHD among the diabetic subjects was higher in men than in women and increased with advancing age and duration of diabetes. A higher incidence of fatal CHD was associated with proteinuria, renal insufficiency, medial arterial calcification, diabetic retinopathy, insulin therapy, and an abnormal electrocardiogram. In Pima Indians aged 50-79 years, the incidence of fatal CHD was less than half that found in the Framingham population after controlling for age, sex, and diabetes (incidence rate ratio, 0.4; 95% confidence interval, 0.2-0.7). Factors protecting Pima Indians from fatal CHD may include racial heritage, low serum concentrations of total and low density lipoprotein cholesterol, and rarity of heavy smoking. Among the diabetic subjects, mortality from diabetic renal disease, which shows many of the same risk factors, may selectively compete and remove those at risk for fatal CHD. This would not, however, explain the lack of fatal CHD among the nondiabetic subjects. Fatal CHD shares many of the risk factors associated with the specific microvascular complications of diabetes, and diabetes and its associated attributes are the major predictors of fatal CHD in this population. (Circulation 1990;81:987-995) A therosclerotic coronary heart disease (CHD) occurs more frequently in persons with diabetes mellitus than in those without it1,2 and is the most common underlying cause of death in diabetic adults in the United States.2 Although the Pima Indians of the Gila River Indian Community in Arizona have the world's highest reported prevalence of non-insulin-dependent diabetes,3 they have a low frequency of clinically apparent myocardial infarction4 and a low prevalence of electrocardiographic (ECG) and necropsy-proven CHD.4-6 In the present study, the incidence of CHD as an underlying cause of death was determined in the Pima Indians with and without non-insulindependent diabetes. Risk factors for CHD death were identified, and the incidence of fatal CHD was compared with that of the primarily caucasian population participating in the Framingham study.7
therosclerotic coronary heart disease (CHD) occurs more frequently in persons with diabetes mellitus than in those without it1,2 and is the most common underlying cause of death in diabetic adults in the United States.2 Although the Pima Indians of the Gila River Indian Community in Arizona have the world's highest reported prevalence of non-insulin-dependent diabetes,3 they have a low frequency of clinically apparent myocardial infarction4 and a low prevalence of electrocardiographic (ECG) and necropsy-proven CHD. [4] [5] [6] measured at the fourth Korotkoff sound. After pupillary dilation, direct ophthalmoscopic examination was performed by a physician, and diabetic retinopathy was considered present if the subject had one or more exudates, microaneurysms, or hemorrhages or had proliferative retinopathy. Subjects were interviewed at each examination to determine their smoking habits. Persons who smoked any amount within 1 year of the examination were considered to be smokers.
Each biennial examination included determination of the serum creatinine and plasma glucose concentrations in venous blood drawn 2 hours after the ingestion of a 75 -g carbohydrate load (Glucola, Ames Co., Elkhart, Indiana, or Dexcola, Custom Laboratories, Baltimore, Maryland). Diabetes was diagnosed according to World Health Organization (WHO) criteria for epidemiologic studies9 (i.e., if the 2-hour postload plasma glucose concentration was .11.1 mM [200 mg/dl]). The date of diagnosis of diabetes was determined from biennial examinations and from review of clinical records. Subjects were asked to void at the beginning of the glucose tolerance test, and a urine specimen was collected 2 hours later. A screening test for protein in the 2-hour urine was done by dipstick (Labstix, Ames Co.). Urine specimens containing at least a trace of protein on dipstick were tested quantitatively for protein by the ShevkyStafford method. 10 The concentration of creatinine was measured in the same urine specimen, and the protein-to-creatinine ratio was calculated. Proteinuria was defined as a protein-to-creatinine ratio of at least 1.0 (>1.0 g protein/g creatinine); this is equivalent to a total protein excretion rate of approximately 1 g/day under the assumption that the daily urinary excretion of creatinine averages about 1 g."'l2 Renal insufficiency was defined as a serum creatinine concentration of 177 gM (2.0 mg/dl) or more.
Twelve-lead ECGs were obtained on all subjects at their first biennial examination and at each examination subsequent to their 15th birthday. All ECGs were interpreted and classified according to the Minnesota Code13'4 by the same cardiologist (I.L.), who had no knowledge of the clinical data. Major ECG abnormalities were identified according to the Tecumseh criteria.15 Radiographic examinations of the hands, feet, left calf, left thigh, and pelvis were performed every 2-4 years after the age of 15 years. The radiographs were examined for arterial calcification by a radiologist who had no knowledge of the clinical data.16 Linear calcification in the arteries was categorized as medial calcification and any patchy calcification was categorized as intimal calcification. 17 The Pima Indian study population (4,828 subjects) consisted of all persons 5 years of age or older who lived in the Gila River Indian Community at any time between January 1, 1975 (12 men and six women) were attributed to chronic ischemic heart disease in subjects with a history of angina pectoris or myocardial infarction. Of the CHD deaths, 17 occurred in hospitals, three in nursing homes, and eight elsewhere on the reservation. Crude (unadjusted) incidence rates of fatal CHD are presented in Table 1 .
Risk Factors for Fatal CHD
Age-and sex-specific CHD death rates for diabetic Pimas are presented in Table 2 . The incidence of fatal CHD was significantly higher in men than in women, with a male-to-female ratio of 3.0 (95% confidence interval, 1.4-6.3) when controlled for age and duration of diabetes; and the incidence increased with age (,2=21.8, df=3, p<0.001; controlled for sex and duration of diabetes).
Duration of diabetes was strongly associated with fatal CHD (X2=25.9, df=4, p<0.001; controlled for age and sex), with 21 (75%) of the 28 deaths attributed to CHD occurring in subjects with diabetes of 15 years or longer. Figure 1 presents the incidence of fatal CHD, according to duration of diabetes, in men and women. The incidence not only was greater with increasing age but also was consistently and significantly higher in subjects with diabetes of longer duration, regardless of age.
The effects of other variables that are potential risk factors for fatal CHD in diabetic Pima Indians (Table 6 and Figure 2) for the period from 1975 through 1984. In the Framingham study population, the CHD death rate in diabetic subjects was 3.0 (95% confidence interval, 2.0-4.3) that in those without diabetes, whereas among the Pima Indians, fatal CHD occurred only in the diabetic subjects. After controlling for diabetes, age, and sex, the incidence rate of fatal CHD in Pima Indians was less than one half that found in the Framingham population (incidence rate ratio, 0.4; 95% confidence interval, 0.2-0.7). Furthermore, the rate in the diabetic Pima Indians was only half that in diabetic subjects from Framingham (incidence rate ratio=0.5; 95% confidence interval, 0.3 to 1.0, controlled for age and sex). 65-74 k75 Age (b) FIGURE 1. Plots of incidence (deaths/1,000 person-yr) of fatal coronary heart disease in Pima Indians, by age and sex, as a function of diabetes duration.
In the present study, 41 of 42 deaths included in the diabetes category were due to diabetic nephropathy, which accounted for 21% of deaths in the diabetic subjects. By contrast, fewer than 5% of deaths in Caucasians with non-insulin-dependent diabetes are attributable to diabetic renal disease.35 '36 Although the incidence analysis used in this study would not be influenced by deaths from causes unrelated to CHD (e.g., accidental and violent deaths), it is possible that certain causes of death with similar determinants to those of CHD, that, therefore, may compete with CHD as a cause of death, could lower the rate of fatal CHD. Factors that were shown to predict fatal CHD among the diabetic subjects in the present study have also been shown to predict the development of diabetic nephropathy in the Pimas.37 Thus, among persons with diabetes, those with proteinuria, renal insufficiency, medial arterial calcifications, longer duration of diabetes, and retinopathy were at higher risk of dying from either end-stage renal disease or CHD. Hence, those at greatest risk for fatal CHD in the present study could have been selectively removed by dying from renal disease before developing CHD. This competing cause of death, however, would not explain the lack of fatal CHD among the nondiabetic Pimas. Racial differences may be partially responsible for the differences in CHD mortality observed in this study because wide variations in CHD incidence have been reported around the world.38 In contrast with the experience of southwestern Indians,430 33 the Sioux and other Northern Plains Indians have higher rates of morbidity and mortality from acute myocardial infarction than the general US population.39 On the other hand, the incidence of nonfatal myocardial infarction and fatal CHD in men of Japanese heritage and from Puerto Rico is less than one half that reported for US Caucasian men.40,41 Furthermore, in the United States, a lower incidence of fatal and nonfatal CHD has been noted for blacks than whites42; in Trinidad, a higher incidence has been reported for Asian Indians than for persons of European descent.43 Although these differences may, in part, be attributed to differences in environmental risk factors, especially diet,40,44'45 racial factors may insulin-dependent diabetes was randomly assigned, reported that the occurrence of fatal and nonfatal myocardial infarction did not differ substantially between subjects treated with insulin in a fixed or variable dose and those on no drug therapy. The lack of difference between these treatment groups suggests that insulin treatment per se is not a risk factor for CHD but that the association of CHD with insulin treatment is the result of its more frequent use in those with more severe diabetes. On the other hand, Stout and Vallance-Owen69 suggested that insulin is atherogenic, and a number of studies have lent support to this hypothesis (reviewed in Stout). 70 Resistance to the action of insulin has been suggested as a factor contributing to increased CHD in subjects with impaired glucose tolerance in the Whitehall study.71 However, in the present study, fatal CHD did not occur in any subjects with impaired glucose tolerance, although Pima Indians with impaired glucose tolerance are characterized by insulin resistance and hyperinsulinemia. 72, 73 Longer duration of diabetes was associated with an increased incidence of fatal CHD in Pima Indians. Seventy-five percent of the diabetic subjects whose deaths were attributed to CHD had had diabetes for at least 15 years. An association between cardiovascular mortality and diabetes duration was also observed by Kleinman et a12 for the US Caucasian population aged 40-77 years. Nevertheless, Jarrett and Shipley74 have argued that increased cardiovascular disease mortality among persons with noninsulin-dependent diabetes could be the result of greater exposure to other cardiovascular risk factors that might precede the onset of diabetes and that a relation with diabetes duration reflects increasing age and exposure to other factors rather than to diabetes per se. The duration of diabetes, as determined in many studies, however, is questionable. On the other hand, the duration of diabetes in Pima Indians was more precisely estimated because of the periodic glucose tolerance testing of the population, and a relation with diabetes duration was found that was independent of age and sex.
Conclusions
Pima Indians, despite their high prevalence of diabetes, had a low incidence of fatal CHD when compared with the primarily Caucasian 
